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History 

  Reference: “The Crab Nebula”,  
  Simon Mitton, Cambridge University Press,1978 
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Mimbres Pottery  
“Time of the Two Suns” 
 
Broken Pot 
 
Rabbit represents Moon 
 
Mimbres Tribe in  
Southwest ~1000-1100 A.D. 
 
Visible in Daylight for 23 days 
 
When Crab Nebula exploded, 
 it was close to waning moon 
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Other depictions of same 
 event in Southwest 
 
Pictographs in: 
 
 
Navajo Canyon 
 
 
 
White Mesa 
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Chaco Canyon, New Mexico 

Exploding Star 
 
Crescent Moon 
 
Hand 
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Supernova observed in Far East 

  Chinese, Japanese and Korean emperors had 
court astronomers (astrologers) to observe the 
night-sky and report any phenomena 

  Comets, nova, eclipses, etc, carefully observed 
and interpreted 

  Interpretations had political significance 
  1n 1054 A.D. guest star reported  
  Visible in day (23 days); visible at night (2 

years) 
  Was it seen elsewhere in world? 
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Crab light-curve 
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Telescope Era 
 
Crab rediscovered? 
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Rediscovery 

  After invention of telescope, six centuries 
later, Crab Nebula detected as fuzzy 
object by Bevis 

  Many Nebula had been found…origin, 
nature unknown 

After two years could no longer be seen 
with naked eye at night 
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History 
  1531, 1607, 1682  Halley’s comet seen; predicted to reappear 

between horns of Taurus in 1758 
  1758, August 28: “found the comet of 1758 below the 

southern horn, near Zeta Tau”  Messier 
  At Christmas reported by French peasant 
  1772 Messier Catalog of non-comets: M1 
  1892 First photo of Crab 
  1913-15 Slipher takes first spectra 
  1921 Lampland expansion of nebula 
          Lundmark notes proximity to 1054 guest star 
          Duncan wisps moving out radially 
  1953 Shklovsky proposes synchrotron origin of radio sources 
          Optical polarization (13%) seen in Crab   
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 1942 Duyvendak 
and Mayall/0ort 
confirmed 



Irish Embassy, Washington, D.C. 17 

The Crab Nebula: named in 1850 
by Irish astronomer, the Third Earl 
of Rosse 
 

June 1, 2012 
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1845: This 72 inch telescope was to be the largest telescope 
built until the 100 inch on Mount Wilson, California in 1910. 

The Leviathan of Parsonstown 
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Crab Nebula: rename? 
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The Irish Nebula ? 
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2009: Irish Post Office marks 
Astronomy Year with image of Crab 



Crab Astrophysics 
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  Reference:  
  “The Crab Nebula: An Astrophysical Chimera”, 

J.J. Hester, Ann.Rev.Astron.Astrophys., 2008 

  “You can divide astronomy into two parts: the 
of Crab Nebula and the astronomy of 
everything else”  Burbidge 

  “Most observed object in the sky (beyond the 
Solar System). ..> 5,000 references.” 
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The Crab Nebula: still alive! 
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Center of Nebula 

  “Two stars at center; neither of them is 
anyway unusual”  nearly Weekes, 1969 
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Crab Nebula 

Some have said they could see the pulsar pulsing 
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Crab – brightest object in the sky 
at many energies: 

 Radio Image  
 … cool gas from  
stellar explosion Infra-red Image  

… warm gas and 
dust 

 Optical Image     
… hot gas and      

energetic particles     X-ray Image  
… jets and shells 

of energetic 
particles 



Ion pictures 
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Crab as Gamma Ray Source 

  Detected as 100 MeV source in 1965-72 in 
balloon experiments 

  Pulsar signal dominated 
  Predicted to be TeV source 
  Until 1985 unsuccessful attempts using 

Cherenkov technique 
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THE ATMOSPHERIC 
CHERENKOV TECHNIQUE 
IS USED TO DETECT SMALL 
COSMIC RAY SHOWERS 
 
Simple Technique, 
Simple Detectors, 
Low costs 
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Whipple 10m  
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First Credible 
TeV Source. 
1989 
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The Brightest TeV Object in 
the High Energy Sky 

Simple Picture: 
  Pulsar left behind = Core of Star 
  Spinning Neutron Star; rotation 30 times 

per second 
  Optical pulsar discovered  
  Expanding Nebula: contains outer layers 

of star 
   Electrons from pulsar collide in Nebula to 

produce gamma-rays 



Crab Nebula 

 TeV Gamma-ray energy spectrum 
confirms equipartition magnetic 

field as 300 microgauss    
 

Strongest steady TeV source in 
the sky; standard candle  

 



April 1, 2012 

The Crab above 100 MeV 

2 components: Synchrotron + Inverse 
Compton extending to TeV. 
 
Mean B field in nebula 100 to 200 µG. 

Nebula from MeV to TeV Pulsar 100 MeV to 20 GeV 

Hyper-exponential cutoff 
excluded in phase-averaged 
spectrum.  
 
WARNING: Phase matters! 

Abdo et al. 2010, ApJ,  708, 1254 Hays. 2012 
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The Four Components 

  (1)  The Pulsar 
  (2)  The Synchrotron Nebula 
  (3)  Thermal Filaments 
  (4)  Freely Expanding Ejecta 
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By the Numbers: 
  (1) “The Crab Pulsar powers the Nebula” 
  First pulsar in visible 
  Period 33 msec 
  If r=10km, mass 1.4=Mo, I=1.1x10^45 erg-cm^2, then spin-

down luminosity= 4x^38 erg/s ~ 130,000Lo 
  If braking index n=2.51, original period =19msec 
  (2) “The Shocked Pulsar a Wind fills the Crab Synchrotron 

Nebula” 
  Shock between cold fast wind and thermal ejecta at 

3x10^17cm, about distance to wisps 
  Electrons to 10 PeV 
  Magnetic field = 3x10^-4 gauss 
  Nebula size decreases with energy 

NASA Lewes Workshop  June 2012 44 



  “The very highest energy emission from the 
Crab above frequencies of ~ 10^23 Hz is 
thought to be due to inverse Compton 
radiation” 
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By the Numbers (cont.) 
  (3) “Thermal Filaments form a Cage around the Synchrotron 

Nebula” 
  Network of filaments form cage around synchrotron neb. 
  Filaments have velocity ~ 700-1800 km/s 
  Proper motion gives distance of Crab as 2kpc 
  Helium prominent 
  Photoionisation by hard synchrotron continuum  
  Dust 
  (4) “There is freely Expanding Ejecta around the easily visible 

Crab” 
  Only recently recognised 
  Missing mass; should be 10^51 erg; only 3x10^49 erg obs. 
  Shock outside outside edge, e.g. OIII line 
  Also CIV lines in absorption (~1550A) NASA Lewes Workshop  June 2012 46 



The Crab Pulsar 
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VERITAS:     Array Imaging 

Multiple Telescopes: 
 improve angular 
resolution 
 improve energy 
resolution 
 reduce background 



VERITAS detects pulsar above 100 GeV 
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Variability; the flares 
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Crab Nebula: standard candle 

Very important in X-ray and gamma ray to have 
             a standard candle as calibration. 



Crab Nebula detected as a TeV source in 1989 
 

 

         Since then has been regarded as the 
      Standard Candle for TeV Astronomy. 
 

        At Whipple Observatory it has been observed 
                at least once per night since 1985 
            and all other sources are referenced to it. 

Synchrotron                                   Compton 
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AGILE, 2010 
Discovery of flares at 1-300 MeV 
energies from the Crab 

Flare  #1 Flare #3 (discovery flare) 

Is the Crab  Nebula  really a Standard Candle  
              at all gamma-ray energies?   

Confirmed by Fermi 
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Inner Crab Nebula: 
As seen by Hubble a few days after flare 



Flare Summary 
 

Flare     Year              Telescope          Duration               
 
(1)         Oct., 2007           AGILE       15 days                            
 
(2)          Feb. 2009           Fermi        15 days                
 
(3)        Sept. 2010   AGILE/Fermi      4 days            

(4)      April 2011          AGILE/Fermi  10 days             
Summary of Flare Properties:          1-2 flares per year                     
Hard Spectrum 
Size  >x3 to>x10                           Rise time 
Duration  4 to 14 days                    Structure 
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September 19-21, 2010 
 Crab is Standard Candle no more 

Gamma-ray signal seen by gamma-ray telescopes 
on satellites is seen to double 
  No change in pulsar 
  No change in total signal at radio, optical or 

X-ray 
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April 1, 2012 

Spectrum during the April 2011 flare 

Feb. 2009 

Sept. 2010 

Energies above ~250 MeV exceed expected maximum for the 
electron synchrotron process 

Flare is well 
described by 
additional 
power-law 
component that 
cuts off with 
energy 
 
Photon index 
~1.3 
 
Energy of peak  
375 ± 26 MeV 

Hays, 2012 
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Summary 
  Fast, high-energy flares from the Crab nebula 

appear to be uniquely gamma-ray phenomena 
  Rapid variability and high energy suggest relativistic 

beaming of electron synchrotron radiation 
  Time scale and small region imply electrons 

accelerated through electrostatic acceleration or 
magnetic reconnection 

  Nebula is highly dynamic over the spectrum, but not 
yet clear how to connect features and timescales 

  Future observations of large flares may help further 
pinpoint the emission site 

http://fermi.gsfc.nasa.gov	  	  

Hays, 2012 



Spectrum from AGILE 

? 

? 

Synchrotron 

Compton 
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Best Overlap with VERITAS of 
Flare #3   

Black points : Fermi 
Red Points    : VERITAS 

                             No evidence for TeV signal. 
Crab Observations now High Priority ToO with VERITAS. 
Notification of flare within six hours of detection by 
Fermi.  
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Persistent Variability 
Feb. 2009 

Sept. 2010 

Apr. 2011 

LAT data show variability 
(weeks to years) over full 
lightcurve and outside of 
flare periods. 

All 

Non-flare 
Flare 
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Summary of Flare Phenomena 
  Fast, high-energy flares from the Crab nebula 

appear to be uniquely gamma-ray phenomena 
  Rapid variability and high energy suggest relativistic 

beaming of electron synchrotron radiation 
  Time scale and small region imply electrons 

accelerated through electrostatic acceleration or 
magnetic reconnection 

  Nebula is highly dynamic over the spectrum, but not 
yet clear how to connect features and timescales 

  Future observations of large flares may help further 
pinpoint the emission site 

http://fermi.gsfc.nasa.gov	  	  



Is the Crab fading away? 
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  Crab continues to provide surprises 

  Sufficient Variety of Phenomena to 
demonstrate anything you want to! 
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